A cross-sectional study was performed to estimate the prevalence of HTLV-1 infection, to characterize genetically HTLV-1 sequences and to identify risk behaviors associated with this infection among MSM in Central Brazil. A total of 430 MSM were enrolled in this study and three were shown to be HTLV-1 infected, prevalence of 0.7% (95% confidence interval: 0.4-0.9). Phylogenetic analysis showed that all HTLV-1 positive samples belonged to Cosmopolitan subtype Transcontinental subgroup A. Although the prevalence rate of HTLV-1 infection found in this study was similar to that observed among Brazilian blood donors, additional HTLV-1 preventive interventions need to be further implemented because this population is engaged in high-risk sexual behavior.
Introduction
The human T cell lymphotropic virus type 1 (HTLV-1) is a retrovirus belonging to Retroviridae family, Orthoretrovirinae subfamily and Deltaretrovirus genus. Tw o main diseases are Worldwide, the number of carriers of HTLV-1 infection is estimated to be at least five to ten million infected individuals. Southwestern Japan, Caribbean islands, the Middle East, Australo-Melanesia, Sub-Saharan Africa, and South America are considered endemic areas of this infection. Based on analyses of long terminal repeat (LTR) region of several HTLV-1 isolates worldwide, seven different viral subtypes were defined (a-g). The most widely circulating HTLV-1 strain around the world belongs to the Cosmopolitan (a) subtype. 3 Besides geographical location, the prevalence of HTLV-1/2 also varies depending on the population groups in Brazil. HTLV-I prevalence rate among blood donors was 0.48% in a study conducted in different blood centers across the country. 4 Furthermore, high-risk groups include sex workers, injection drug users, Japanese immigrants, and men who have sex with men (MSM). 2, 5, 6 Due to risk behaviors, such as greater number of lifetime male partners and unprotected sexual intercourse, MSM are considered highly vulnerable for acquiring sexually transmitted infections (STIs). 7, 8 There is a paucity of information on the prevalence of HTLV-1/2 among MSM. Studies in this population are more commonly related to HIV infection. 9, 10 Considering the relevance of HTLV-1 infection and lack of data related to infection among MSM, the aim of the present study was to assess HTLV-1 infection prevalence and to identify the circulating HTLV-1 types and subtypes in MSM from Central Brazil.
Materials and methods

Study population
This cross-sectional study was performed in Campo Grande city (786,797 inhabitants), the State capital of Mato Grosso do Sul, Central Brazil, from November 2011 to September 2013. A convenience sampling of MSM was selected primarily from entities related to this group such as the Mato Grosso do Sul State Association of Travestites and Transsexuals (ATMS-MS) and Reference Center of Human Rights in the Prevention and Combat of Homophobia (CentrHo). In addition, public (square, parks, streets, gay pride parades, etc.) and private (saunas, nightclubs, brothels, etc.) locations were also included as recruitment sites of participants. Males who self-reported having had sexual intercourse with men within 12 months prior to the study and older than 18 years of age were eligible to participate. The minimum sample size calculated was 402 participants, based on the mean prevalence of 2% for anti-HTLV-1/2 among MSM, 6,7 a significance level of 95% (˛ < 0.05), 1.5% of accuracy and 20% non-respondent.
After reading and signing the informed consent form, all consenting participants were interviewed by trained health professional using a questionnaire to obtain data about study subjects and analyze its association with HTLV infection. The variables tested included socio-demographic data (such as age, marital status, educational level, family income); sexual behaviors (such as weekly number of sexual partners, engagement in diverse sexual practices, condom use in last sexual intercourse, history of sexual coercion); being sex worker (history of having ever exchanged money or goods for sex, age of sex work initiation, condom use during sex with clients and/or non-paying partners, and place of sex work); use of drugs (injection and non-injection drugs); alcohol consumption; having tattoo and/or piercing, and blood transfusion history.
After the interview, blood was collected from all subjects and serum samples were tested for HTLV-1/2-specific antibodies by enzyme-linked immunosorbent assay (ELISA) using commercial kit (Gold ELISA HTLV-I/II, REM Ind.Com., Brazil). Positive samples in the ELISA screening test were confirmed by Western blot (HTLV BLOT 2.4, MP Diagnostics, Singapore). All HTLV-1 positive samples were also tested by ELISA for HIV-1/2 infection (Murex, Kyalami, South Africa).
In exchange for participation, the subjects received condoms, lubricants and risk reduction counseling on sexually transmitted infections. Those participants found to be infected with HTLV-1 were subsequently referred to an infectious disease clinic for further clinical and laboratory assessment.
The protocol used in the present study was approved by the Ethics Committee on Human Research of the Federal University of Mato Grosso do Sul, under protocol number 180.909 CAAE 06886712.3.0000.0021.
Statistical analysis
Data were entered and analyzed using EPI-INFO 3.5.1 (Centers for Disease Control and Prevention, Atlanta, GA, USA) statistical software package and SPSS Statistics Data Editor (Statistical Package for Social Science, Chicago, IL, USA), respectively. Prevalence was calculated with 95% confidence interval (CI). Chi-square test and Fisher's exact test were used to compare categorical variables. A p-value <0.05 was defined as statistically significant. 
HTLV-1 molecular characterization
Phylogenetic analysis
The 5 ′ LTR sequences were aligned using BioEdit v7.2.3 (Department of Microbiology, North Carolina State University, NC, USA) and edited by use of Clustal W program. MEGA software (version 6) and Tamura-Nei model were used to construct a Maximum Likelihood (ML) tree, which was evaluated by analyzing 1000 bootstrap replicates. GenBank accession numbers of the HTLV-1 sequences newly reported in this study are as follows: HSH13 (KM023762) and HSH76 (KM023763).
Results
Of the 530 MSM invited to participate of the study, 430 consented to answer the questionnaire and to have a blood sample collected. Median age of participants was 23 years, ranging from 18 to 70 years. Having less than 10 years of formal education was reported by 24.9% and low family income by 21.6% of subjects. Majority were single (87.4%) and from Campo Grande city (77.7%). Alcohol consumption was reported by most of the subjects (81.6%). Use of one or more types of illicit noninjection drugs was reported by 48.8% of participants; among those reported, marijuana was the most commonly used drug (77.1%). Only five subjects of the study (1.2%) reported illicit injection drug use. Presence of tattoos and/or body piercings was reported by 52.3% of subjects. History of blood transfusion was informed by 30 MSM (7.0%), of whom 18 received a blood transfusion before 1993. Out of the total MSM surveyed, 37.0% were sex workers and public places were the most frequent location of sex work (66.7%). Mean age of sexual initiation and sex work debut were 14.8 years (standard deviation [SD] = ± 3.044) and 16.7 years (SD = ± 3.289), respectively. Majority of individuals reported having had more than seven clients in the week before the interview, and the frequency of irregular condom use with the last client was 32.1%. On the other hand, about half of the participants used condom regularly with their steady partner. Part of MSM (35.8%) reported having engaged in a variety of sexual practices, including masochism (35.9%), rimming (53.6%), group sex (10.5%), water sports (28.1%), shared sex toys, fisting and others (20.3%). Sixteen percent of the MSM group suffered sexual coercion. Significant differences in relation to commercial sex worker and multiple sexual partners (more than 10) was found between HTLV-1-infected and non-infected MSM.
The prevalence of HTLV-1 infection among the study population was 0.7% (3/430; 95% CI: 0.4-0.9). All samples confirmed anti-HTLV-1-reactivity with complete profiles in Western Blot test. No sample had positive reaction for anti-HTLV-2 antibodies. Table 1 shows risk behavior characteristics of all HTLV-1 positive MSM. None of HTLV-1-infected subjects were HIV-1/2-infected.
Phylogenetic analysis of 5 ′ LTR region of HTLV-1 sequences was possible in samples of two infected MSM (HSH13 and HSH76). Their sequences, clustered in Transcontinental subgroup (A) of Cosmopolitan HTLV-1a subtype, were closely related to other Latin American strains, mainly from Brazil, and two more strains from Portugal and India (Fig. 1) . In addition, only one of the three samples (HSH28) could not be amplified in 5 ′ LTR region of HTLV genome, only in tax region. After sequencing, this isolate was subjected to BLAST (Basic Local Alignment Search Tool, http://blast.ncbi.nlm.nih.gov/Blast.cgi) to characterize HTLV-1 viral subtype. This procedure detected the same subtype identified previously in another sequences of the study, the Cosmopolitan HTLV-1a subtype Transcontinental subgroup A (data not shown).
Discussion
This is the first cross-sectional survey of a MSM convenient sample to investigate HTLV-1 infection in Campo Grande, Central Brazil. The 0.7% (95% CI: 0.4-0.9) prevalence rate of HTLV-1 infection found in this study was similar to that observed among Brazilian blood donors (0.48%), as well as in an isolated Afro-Brazilian slave-descendant community in Central Brazil (0.5%) and in MSM from Campinas, Southeast Brazil (1.5%; 95% CI: 0.5-3.0). 4, 6, 13 Nevertheless, the prevalence rate found in pregnant women in Mato Grosso do Sul State (0.11%) was lower than that reported in this study. 14 According to several risk behaviors assessed in this study, mainly through sexual exposures, there is a high vulnerability for STIs acquisition in these individuals. Significant differences in relation to commercial sex worker were found between HTLV-1-infected and non-infected MSM. Greater vulnerability and social marginalization was observed in this group of population. 8, 10 Furthermore, MSM who exchanged money for sex present a greater risk for acquiring STIs than female sex workers and other non-sex workers MSM due to combination of high risk behaviors, such as having multiple sexual partners, unprotected sexual intercourse and receptive anal intercourse. 8, 15 Regarding MSM population, greater number of lifetime sex partners is a high-risk behavior factor for HTLV-1 infection according to some studies. 7, 16 A cross-sectional surveillance study for HIV among MSM from ten different Brazilian cities reported multiple sexual partners and inconsistent use of condom with casual and commercial partners. 9 Additionally, others studies conducted in different countries have pointed rectal mucosal injury during intercourse as a risk factor for HTLV-1 and other STIs in this population. 7, 16, 17 In the past, blood transfusion was an important route of HTLV-1 transmission, with a seroconversion rate ranging from 40 to 60%. 1 In 1993, serological screening for HTLV-1/2 became mandatory in Brazilian blood banks, interrupting this transmission route. History of blood transfusion before 1993 was found in one infected MSM (ID-13), as shown in Table 1 . Although results are suggestive of HTLV transmission via transfusion, the three infected MSM may have acquired the infection through sexual intercourse, given they were sex workers, a group known to be at risk for acquiring STIs. 4, 8, 15 The positive samples were classified as belonging to the Transcontinental (A) subgroup of the Cosmopolitan (a) subtype. This subgroup of HTLV-1 is considered the most prevalent in Brazil. 3, 18 Phylogenetic analysis showed that HTLV-1 strains isolated from the present study were found within the Brazilian and South American clusters. In addition, two HTLV-1 sequences out of Latin American countries, one sequence from an Indian commercial sex worker and other from a Portuguese injecting drug user (IDU) clustered with the study strains.
One of the positive samples was amplified only in the tax region of HTLV-1 (HSH28), probably due to the low HTLV-1 proviral load, since that tax region is more readily PCR amplified than other HTLV-1 regions. According to previous studies, the high sensitivity and wide dynamic range of HTLV-1 tax sequence detection allow for determination of a broad range of HTLV-1 proviral loads. 19, 20 Some limitations found in this study should be considered. First, related to the veracity of the study subjects' responses about risk behaviors. Second, MSM from this study were recruited from gay-related public and private places, who may not be representative of the whole MSM community. Furthermore, a convenience sample was selected because the method respondent-driven sampling (RDS) could not be implemented for recruitment of this study population. Third, the small number of HTLV-1 cases may have caused a limited power to evaluate some statistical associations of risk. In addition, vertical transmission of HTLV-1 infection among the studied MSM could not be analyzed for lack of information about this route. Despite these limitations, the study provides important information about HTLV-1 infection among MSM group in Central Brazil.
In summary, the prevalence of HTLV-1 infection in MSM was similar to the prevalence among Brazilian blood donors. However, the high sexual risk behavior found in this study population makes them more susceptible to acquiring HTLV-1 infection than Brazilian blood donors in general. The HTLV-1 subtype identified in the studied individuals is consistent with those previously found in Brazil. Therefore, educational measures for controlling the spread of HTLV-1 and other STIs in this population are needed and could be achieved through the implementation of specific preventive activities among MSM in Central Brazil.
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